ドウヘン ブンルイ クウカン ノ コウセイ ヘンカングンロン ト ダイスウテキ イソウ キカガク by 村山, 光孝 & 島川, 和久
Title同変分類空間の構成(変換群論と代数的位相幾何学)
Author(s)村山, 光孝; 島川, 和久








(Mitsutaka Murayama) (Kazuhisa Shimakawa)
1992 3 31
1
(principal) A-bundle universal A-bundle functorial
tom Dieck Atiyah (K-theory and reality) 03
Reality vector bundle G-A bundle
(Faserb\"undel mit Gruppenoperation.) $G,$ $A$ ( $G$ $A$
) $G$ $A$ ( )
$\alpha$ : $G\cross Aarrow A$ $(ga=\alpha_{g}(a)=\alpha(g, a))$
$\alpha$
$\alpha_{g}$ ( $A$
topological G-group ) principal A-bundle $A$
1 principal $(G, \alpha, A)$ -bundle principal A-bundle $p$ : $Earrow B$
(1) $E,$ $B$ left G-spaces . $p$ G-map
(2) $e\in E,$ $g\in G,$ $a\in A\Rightarrow g(ea)=ge\cdot ga$ .
(tom Dieck $G$ compact Lie group )
Associated fibre bundle: fibre $F$ $G$ $A$ $g(ax)=ga$ .
$gx,$ $x\in F$ total space $G$
$(G, \alpha, A)$ -bundle bundle map A-bundle map G-map
G-A bundle $G$ $A$ trivial $G$ $E$
bundle map Reality vector bundle




, $G$ (free )loop , $G$
$Diff^{+}S^{1},$ $A$
tom Dieck $G$ , $A$ Lie
Lashof (Equivariant bundles) $G$ compact Lie , $A$ G-A bundle
Lashof $(G, \alpha, A)$-bundle
topological G-category
$G$ compact Lie $A$ Hausdorff
( ) numerable bundle \S 2
numerable bundle \S 3
$\mathfrak{g}_{4}$
2 local objects & numerable bundles
$H$ $G$ $G/H$ principal $(G, \alpha, A)$-bundle $p$ : $Earrow G/H$
local object bundle :
$\phi$ : $Harrow A$ such that $\phi(gh)=\phi(g)\cdot g\phi(h)$
(crossed homomorphism $=$ l-cocycle $\in Z^{1}(H,$ $A)$ ) $H$ $A$
$\varphi:H\cross Aarrow A$ , $\varphi(h, a)=\phi(h)\cdot ha$ $(=\varphi_{h}(a))$
$G\cross HA(=Gx_{\phi}A)$
$G_{H}\cross A=G\cross A/\sim$ , $(g)a)\sim(gh^{-1}, \varphi_{h}(a))=(gh^{-1}, \phi(h)\cdot ha)$ $(\forall h\in H)$
$A$-
$[g, a]\cdot b=[g, a\cdot g^{-1}b]$ ( $[g,$ $a]=[g,$ $1]\cdot ga$ )
2
$f$ : $G_{H}\cross Aarrow E$ , $f([g, a])=g(ea)=ge\cdot ga$ $(e\in p^{-1}([H])\subset E)$
$(G, \alpha, A)$ -bundle crossed homomorphism $\phi$ : $Harrow A$
$\varphi$ : $H\cross Aarrow A$
128
$h\in H\Rightarrow he,$ $h(ea)\in h\cdot p^{-I}([H])=p^{-1}([H])=e\cdot A\approx A$
$\phi,$
$\varphi$
$e\cdot\phi(h)=he$ , $e\cdot\varphi(h, \alpha)=h(ea)=he\cdot ha$ $(\exists 1\phi(h))\varphi(h, a)\in A)$
$\varphi(h, a)=\phi(h)\cdot ha$
$e\cdot\phi(hk)=hke=h(e\phi(k))=he\cdot h\phi(k)=e\phi(h)\cdot h\phi(k)$ $(h, k\in H)$
$\phi(hk)=\phi(h)\cdot h\phi(k)$ (crossed homomorphism)
$\varphi(hk, a)=\phi(hk)\cdot hka=\phi(h)\cdot h\phi(k)\cdot hka=\phi(h)\cdot h(\phi(k)\cdot k\alpha)=\varphi(h, \varphi(k, a))$
$\varphi$ $f$ well defined :
$f([gh, a])=gh(e\alpha)=g(e\varphi(h, a))=f([g, \varphi(h, \alpha)])$ $(=f([g, \phi(h)\cdot ha]))$ $(g\in G, h\in H)$ .
$G$ $A$ trivial $\phi$ $\varphi$ $\phi$




$p$ : $G_{H^{\cross_{\beta}}}(V_{\beta}\cross F)arrow G_{H^{\cross_{\beta}}}V_{\beta}$ , $p([g, (v, y)])=[g, v]$
$(G, \alpha, A)$-bundle $\{U_{\beta}\}$ $G$- 1
(G-)numerable
$p$ : $Earrow B$ trivial $Gx_{H}Aarrow G/H$ $(G, \alpha, A)$ -bundle map
$(G, \alpha, A)$ -bundle $p$ : $Earrow B$ $G$ compact Lie , $B$ completely regular
slice $B$ paracompact




Dold (Partitions of unity in the theory of fibrations)
Lashof
4 universal $(G, \alpha, A)$ -bundle numerable principal $(G, \alpha, A)$ -bundle $p$ : $Earrow B$
$[X, B]^{G}\cong$ { $X$ $(G,$ $\alpha,$ $A)$ bundle }
$arrow$ $p$ : $Earrow B$ pull back
well-defined, numerable bundle G-covering homotopy
property $=$ G-CHP ( $\Leftrightarrow$ $p$ : $Earrow X\cross I$ $(E|X)\cross I$ )
functional bundle G-section extension property $=$ G-SEP
bundle local G-CHP, G-SEP Dold
“local CHP . SEP $\Rightarrow global$ results”
5 (G-SEP,G-CHP, $c.f$. Dold, 2.7,4.8.) $G$ $p$ : $Earrow B$ G-map,
$\{U_{\beta}\}$ $B$ numerable G-covering $\forall p|U_{\beta}$ G-SEP (G-CHP) $P$
G-SEP (G-CHP)
local G-SEP, G-CHP Lashof [2.1,2.2,2.8,2.9]
6 $G$ $V,F$ H-space $(H<G)$ $F$ H-contractible
(1) $pr_{1}$ : $V\cross Farrow V$ H-SEP
(2) $p:Gx_{H}(V\cross F)arrow G\cross HV$ G-SEP
7 $G$ compact Lie , $H$ , $X$ $G$-
(1) $q$ : $Garrow G/H$ $H$ - paracompact $H$ - H-
$CHP$
(2) G-map $X\cross Iarrow G/H$ $G$ - $X\cong G\cross HV$, $X\cross I\cong Gx_{H}(V\cross I)$
(3) $D$ $X\cross I$ $(G, \alpha, A)$ trivial bundle $D\cong(D|X)\cross I$ G-CHP
$G$
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$q$ : $Darrow X,$ $p$ : $Earrow B$ numerable principal ( $G,$ $\alpha$ , A)-bunldes functional
bundle
$\langle D, E\rangle$ $=$
$\bigcup_{(x,y)\in X\cross B}Hom_{A}(D_{x}, E_{y})$
$\cong$ $(D\cross E)/A$ , $D_{x}=q^{-1}(x)$
$(f : D_{x}arrow E_{y})$ $rightarrow$ $[d, f(d)]$ , $(d\in D_{x})$
$X$ numerable $(G, \alpha, A)$-bunlde fibre E $G$-
$gf=g\cdot f(g^{-1}-)(g[d, e]=[gd, ge])$







$[[g, a],$ $e$ ] $rightarrow$ $[g, [a, e]]$ $rightarrow$ $[g, g e\cdot a^{-1}]$
$[[g, 1],$ $ge$ ] $rightarrow$ $[g, [1, e]]$ $rightarrow$ $[g, e]$
$E$ $H$-
$h\cdot[[1,1],$ $e$ ] $=[[h, 1]$ , $he$ ] $=$ [ $[1,$ $\phi(h)]$ , he]] $rightarrow$ [ $1,$ he $\cdot\phi(h)^{-1}$ ]
$(h, e)arrow he\cdot\phi(h)^{-I}$
8 principal $(G, \alpha, A)$ -bundle $p$ : $Earrow B$ $\forall H$ \forall crossed homomorphism $\phi$ :
$Harrow A$ $H$ H-contractible $p$ : $Earrow B$
universal $(G, \alpha, A)$ -bundle
$e\in Earrow he\cdot\phi(h)^{-1}$ , $h\in H$
4
$p$ : $EAarrow BA$ universal A-bundle $G$
Milnor Segal May
geometric bar functional bundle
$\langle EA, EA\rangle=\bigcup_{a,b\in BA}Hom_{A}(p^{-1}(a), p^{-1}(b))\cong(EA\cross EA)/A$
131
$BA$ bundle ( ) section $(G-)bundle$ map
$\mathcal{G}(A)$ $=BA$ $=\langle EA, EA\rangle\cong(EA\cross EA)/A$ ,
$S(A)$ $=EA$ $=\{EA,$ $EA\rangle$ $x_{BA}EA\cong EA\cross EA$
$p$ $1x_{BA}p$ $p$ : $S(A)arrow \mathcal{G}(A)$
$EG$ $G$ translation category . $objEG=G$ $morEG=G\cross G$ . $EG$
$G$-
$(m, x)g=(m, xg)$ , $(m, x)$ : $xarrow mx\in morEG$
$p:Cat(EG, S(A))arrow Cat(EG, \mathcal{G}(A))$
Cat $(EG, C)$
topological G-category $G$-
$(gf)(m, x)=g\cdot f(m, xg)$
Cat $(EG, S(A))$ $A$-
$(fa)(x)=f(x)\cdot a$
objects $G$ $A$
Cat $(EG, S(A))$ $H$ - $(farrow hf\cdot\phi(h)^{-1}, h\in H )$ H-contractible
$\phi$ : $Harrow A$ ve crossed homomorphism $F$ : $G\cross HAarrow EA$ A-bundle map, $i.e.$ ,
$Gx_{H}Aarrow G/H$ $f\in Cat(EG, S(A))$
$f(x)=x^{-1}F([x, 1])$ , $f(m, x)rightarrow(f(x), f(mx))\in EA\cross EA$
( $S(A)\approx EA\cross EA$ $\exists 1$ morphism $f(x)arrow f(mx)$ . )
$(fa)(x)$ $=$ $f(x)\cdot a=x^{-1}F([x, 1])\cdot a=x^{-1}F([x, 1]\cdot xa)=x^{-1}F([x, a])$ ,
$(gf)(x)$ $=$ $g\cdot f(xg)=g(xg)^{-1}F([xg, 1])=x^{-1}F([xg, 1])$ ,
$(gf)a(x)$ $=$ $(gf)(x)\cdot a=x^{-1}F([xg, 1])\cdot\alpha=x^{-1}F([xg, a])$ .
$(hf)\phi(h)^{-1}(x)=x^{-1}F([xh, \phi(h))^{-1}])=x^{-1}F([x, 1])=f(x)$ $(\forall x\in G=objEG, \forall h\in H)$ .
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$(hf)\phi(h)^{-1}=f$ Cat $(EG, S(A))$ $H$-
$\forall f’arrow f$ $\exists 1f’(x)arrow f(x)$ $f$
terminal object $Cat(EG, S(A))$ H-contraction
fat realization $A$ $P$ : $||Cat(EG, S(A)||arrow$
$||Cat(EG, \mathcal{G}(A)||$ numerable $(G, \alpha, A)$-bundle universal $(G, \alpha, A)-$
bundle
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